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Our goal for the overall research project was to obtain insight
into the mechanism used by microbes to cleave the carbon to phosphorus

(C-P) bond of organophosphonates.
lysate were first examined by NMR which did not reveal

¢oli whole cells and cell

any

degradation products. However, subsequent analysis of volatiles
produced in sealed growths of E. ¢oli cultured in medium where

alkylphosphonic acids were the only source of phosphorus led to

the

discovery of hydrocarbons.(Cordeiro, M.L.; Pompliano, D.L.; Frost, J.W,
J. Am, Chem., Soc, 1986, 108, 332)-DAnalysis of the volatiles relied on

gas chromatographic separation and flame ionization detection\

With the discovery of methane formation when E. ¢oli wer; grown on

medium having methylphosphonic acid as the only phosphorus source,

all

of our hypotheses were invalidated as to how mechanistically the
microbes were cleaving the organophosphonate C-P bond. Our efforts were
further complicated by the lack of C-P cleavage activity in cell-free
lysate of E. coli. Circumvention of these impediments has exploited
chemical modeling, identification of products and intermediate
metabolites 1involved in the biodegradation, and molecular biological

analysis.

, carbon fragments produced by E. c¢oll degradation of a wide range
of alkyl- and alkenylphosphonates have been compared with the carbon
fragments produced by various chemical methods developed for cleaving

,organophosphonate C-P bonds.(Frost, J.W.; Loo, S.; Cordeiro, M.L.; Li,
,D. J. Am, Chem, Soc. 1987, 109, 2166). Correspondence of the products

.produced by the chemical degradation to those produced by the biotic
.degradation led to the proposal for a radical-based dephosphorylation

process during organophosphonate C-P bond cleavage.

/ijo types of radical-based dephosphorylation processes can be
envisioned. One formulation involves intermediacy of a phosphoranyl

radical while the other proceeds through a phosphonyl radical.(ﬂ}ij

Differentiation between these mechanistic hypotheses requires knowledge
as to the fate of the phosphorus portion of organophosphonates
immediately before and after cleavage of the C-P bond. To accomplish
this task, derivatization techniques suitable for laser-induced

fluorescence detection were developed. Derivatization

of

alkylphosphonic acids with p-(9-anthroyloxy)phenacyl bromide provided

nearly quantitative yields of dipanacyl organophosphonates.

The

detection 1limit for these derivatized organophosphonates was 20 fmol
using 8 mW of 325-nm radiation from a He-Cd laser (Roach, - M.C.; Ungar,
L.W.; Zare, R.N.; Reimer, L.M.; Pompliano, D.L.; Frost, J.W. Apnal, Chem

1987, 59, 1056). Unfortunately, the derivatization reagent did not
esterify phosphoric acid or phosphorous acid which are two possible
phosphorus-containing degradation products. Resolution of this problem

required increasing the reactivity of the derivatization reagent.

1

Ve

i

N\




ot - " i
“{g_...‘.g..a,‘.‘-'....;_ [ERPYSOR
“x

o o o——e g % o " - i
D S A N R R N T T - - St

have since discovered that a phenacyl group containing a triflate was
reactive enough to esterify phosphoric acid, phosphorous  acid,
ethylphosphonic acid, and ethylphosphonous acid. Simultaneous with the
laser-based detection syste?2 development, we have been optimizing
methods for introduction of ““P into organophosphonates. This 1latter
methodology is intended for capillary zone electrophoretic separation of
metabolites interfaced with 8 emission detection.

The final area of activity where significant progress has been made
dinvodbves molecular biological characterization of microbial C-P bond
cleavage. During anaylsis of aminomethylphosphonate biodegradation by

E. coli, carbon fragments were generated which suggested a
biodegradative mechanism similar to alkylphosphonate C-P bond cleavage.
E. colil were then subjected to transposon mutagenesis. Mutants unable

to degrade ethylphosphonate were appraised for ability to degrade
aminomethylphosphonates. One mutant, E. c¢oli SL724, was unable to
degrade both alkyl- and aminomethylphosphonates. This mutant thus
establishes a 1linkage at the genetic level between biodegradation of
these two very different classes of organophosphonates (Avila, L.Z.;
Loo, S.H.; Frost, J.W. J, Am, Chem, Soc, 1987, 109, 6758). The gene
which complements the mutation of SL724 has recently been cloned and
used to establish the genomic location of the locus responsible for
organophosphonate C-P bond cleavage (Loo, S.H.; Peters, N.K.; Frost,
J.W. Biochem, Biophys, Res, Commun, 1987, 148, 148).
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